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FINAL  REPORT:  SUMMARY 


The  Federal  Emergency  Management  Agency  (FEMA)  under  the  mandate 
of  the  U.S.  Congress  created  a  pilot  program  to  Investigate  the 
practical  and  cost  Implications  of  a  national  slanting  shelter 
construction  program.  The  availability  of  such  shelters  would 
make  a  critical  workforce  concept  more  viable.  The  Intention  was 
to  Incorporate  shelter  areas  Into  buildings  In  such  a  manner  that 
the  affected  spaces  would  continue  to  fully  serve  their  Intended 
functional  purposes.  An  additional  objective  was  to  evaluate 
existing  slanting  design  guidance  materials,  assessing  their 
usefulness  to  the  broad  spectrum  of  practicing  architects  and 
eng  l  neers. 

A  case  study  method  was  deemed  most  useful  for  the  project.  The 
AIA  Foundation  (AIAF)  surveyed  local  arch  I tecturel  firms  and 
found  Marlanl  end  Associates  to  have  two  appropriate  projects 
with  building  owners  who  were  willing  to  entertain  the  possl- 
blllty  of  shelter  construction.  Marlanl  was  hired  and  the 
project  begun.  An  office  building  and  a  hospital,  both  In  the 
Washington,  D.C.  area  were  selected.  Each  building  had  a  non 
dr!ve-!n  basement  with  three  floors  of  structure  above.  The 
process  of  design,  construction  documents,  cost  estimates,  and 
construction  were  observed.  Models  of  the  hospital  shelter  were 
tested  for  structural  Integrity. 
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The  office  building  was  located  In  downtown  Washington  at  727 
15th  Street,  N.W.,  Just  two  blocks  from  the  White  House  and  the 
Treasury  Building.  The  project  Involved  the  demolition  of  a 
single  story  movie  theater  and  the  restoration  and  Incorporation 
of  Its  historic  facade  Into  a  new  eleven-story  office  structure. 

The  original  hospital  project  was  located  at  13th  and  V  Streets, 
N.W.  on  a  2.4  acre  full  block  site.  Parts  of  an  existing  complex 
were  to  have  been  renovated  and  parts  demolished  to  allow  for  new 
construction.  The  two  projects  represented  a  wide  cross-section 
of  the  types  of  problems  and  Impediments  which  might  be  en¬ 
countered  In  a  national  scale  construction  program. 

The  design  of  the  shelter  In  the  office  building  was  straight¬ 
forward  because  the  program  and  plan  were  simple.  Major  problems 
were  of  three  types;  structural,  financial  and  approval  related. 
The  structural  difficulty  Involved  the  fact  that  the  added 
dimension  required  for  the  floor  and  celling  of  the  shelter 
necessitated  taking  the  shoring  and  footings  below  those  of  the 
two  adjacent  buildings.  The  additional  costs  associated  with 
this  w  ere  not  d I reCtTy  re  I ated  to  the  construction  of  the  shelter 
and  eventually  led  to  the  decision  not  to  construct.  The 
financial  problems  were  related  to  the  sluggish  economic  climate 
which  existed.  The  speculative  developers  proceeded  quite  slowly 
hoping  to  acquire  more  favorable  loan  monies.  The  approval 
problems  related  to  the  fact  that  the  project  had  to  be  submitted 
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to  both  the  Fine  Arts  and  Landmarks  Commissions  several  times, 
with  each  submittal  extending  the  design  process. 

Four  alternative  designs  were  considered  for  the  hospital  located 
at  13th  and  V  Streets.  A  design  was  selected  and  detailed,  con¬ 
struction  documents  were  prepared  and  submitted  to  federal 
financing  agencies  only  to  lead  to  a  complete  change  of  site  and 
total  redesign  of  the  project.  On  the  new  site  the  design 
proceeded  simply,  the  shelter  was  located  In  an  auditorium  below 
the  main  entrance  tc  the  hospital.  Detailed  design,  structural 
calculations,  construction  bids,  and  contractor  selection  were 
all  completed.  Problems  and  delays  were  caused  by  a  change  of 
ownership  of  the  hospital,  a  labor  strike,  and  a  legal  dispute 
related  to  an  adjacent  parking  structure.  Construction  difficul¬ 
ties  were  minimal.  The  blast  shelter  added  a  new  layer  of 
complexity  which  necessitated  additional  planning  and  scheduling 
but  no  extraordinary  constraints. 

Construction  cost  estimates  for  the  two  projects  ranged  between 
$37  and  $110  per  square  foot.  No  definitive  explanation  for  this 
wide  range  can  be  offered. 

The  design  guidance  materials  used  In  this  project  were  found  to 
provide  accurate  Information  but  to  be  Inadequate  for  use  in  the 
type  of  national  construction  program  envisioned  with  the 
critical  workforce  concept,  "Protective  Construction",  TR-20, 
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(Vol.4)  and  the  other  documents  were  Judged  to  be  more  textbooks 
than  design  manuals;  requiring  reference  to  other  documents  to 
clarify  definitions,  terminology,  and  symbols.  The  Ideal  design 
manual  should  present  straightforward  examples,  problems  and  many 
charts  and  tables  to  assist  the  busy,  and  probably  Inexperienced 
designer. 

Two  models  (at  one-fifth  scale)  of  the  hospital  shelter  were 
constructed  and  tested.  One  model  was  exposed  to  15  pst  over¬ 
pressure,  as  designed.  This  model  suffered  no  damage.  The 
second  model  was  exposed  to  50  psi  overpressure  and  suffered  only 
minor  damage  In  the  form  of  hairline  cracking. 

Conclusions  are  threefold: 

o  A  national  shelter  construction  program  Is  thought  to 
be  feasible,  but  precise  projecr  scheduling  would 
be  extremely  difficult. 

o  Existing  design  guidance  Is  thougth  to  be  Inadequaie. 
No  national  construction  program  should  be  contemplated 
prior  to  the  preparation  of  simplified,  straightforward 
design  manuals. 

o  No  firm  assessments  of  the  costs  of  a  national  con¬ 
struction  program  can  be  made. 
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The  AIA  Foundation  contracted  with  Marian!  and  Associates  to 
design  basement  blast  shelter  areas  In  two  buildings  In  Washing¬ 
ton,  D.C.  Alternate  construction  bids  were  received  for  both 
designs.  FFMA  decided  to  finance  shelter  construction  at  the 
National  Rehabilitation  Hospital  C  N  R  H )  located  at  106  Irving 
Street,  N.W.  and  not  to  finance  shelter  construction  at  727  15th 
Street,  N.W.  Incremental  shelter  construction  cost  estimates 
ranged  between  $37  and  $110  par  square  foot  above  normal  costs. 

Evaluations  were  performed  for  two  questions:  (1)  the  adequacy  of 
design  guidance  provided  to  practicing  architects  and  engineers 
by  "Protective  Construction",  TR-20  (Vol.  4),  and  other  existing 
references  --  Found  to  be  Inadequate;  and  (2)  the  practical 
difficulties  of  Incorporat! ng  shelter  construction  Into  otherwise 
typical  building  projects  --  Found  to  be  manageable,  but  diffi¬ 
cult  to  schedule  precisely. 

The  shelters  were  designed  to  sustain  15  psl  (pounds  per  square 
Inch)  over  pressure.  Fifth  scale  models  of  the  NRH  shelter  were 
tested  at  White  Sands,  N.M.  In  July,  1985,  at  overpressures  of 
15  psl  and  50  psl.  The  model  tested  at  50  psl  sustained  only 
very  minor  damage;  in  the  form  of  hairline  cracks.  The  model 
tested  at  15  psl  sustained  no  apparent  damage. 
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OBJECTIVES 

The  United  States  Congress  mandated  In  the  1981  Defense  Appro¬ 
priations  Act  that  the  Federal  Emergency  Management  Agency  (FEMA) 
create  a  pilot  program  to  Investigate  the  practical  and  cost 
Implications  of  a  nattonal  shelter  construction  program.  The 
pilot  program  was  to  consist  of  designing  and  constructing  a 
minimum  of  two  buildings  with  an  enhanced  ability  to  withstand 
nuclear  explosions  while  sustaining  minimized  damage.  The 
program  was  an  approach  to  maximizing  nuclear  effects  protection 
In  risk  areas  In  the  United  States  and  was  to  provide  shelters 
which  are  strong  enough  to  survive  high  overpressure  (above  15 
psl).  The  availability  of  such  shelters  would  make  a  critical 
work  force  concept  more  viable.  The  major  objective  of  the  effort 
was  to  measura  the  additional  costs  and  to  assess  the  practical 
difficulties  associated  with  the  design  and  construction  of 
buildings  that  Incorporate  current  slanting  design  and  blast 
resistance  guidance.  The  Intention  was  to  incorporate  shelter 
areas  Into  buildings  In  such  a  manner  that  the  affected  spaces 
would  continue  to  be  fully  functional  stilt  serving  their 
original  purposes. 


An  additional  objective  was  to  evaluate  the  efficacy  and  useful¬ 
ness  of  existing  slanting  shatter  design  guidance  for  such  a 
national  shelter  construction  program  as  would  be  required  to 

sustain  the  critical  workforce  concept. 

i 
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METHODS 

A  case  study  method  was  deemed  most  useful. 

1.  The  shelters  were  to  be  designed  and  constructed  In 
buildings  which  did  not  have  drlve-ln  basements. 

2.  The  A I A  Foundation  (AlAF)  searched  for  and  Identified  two 
commercial  buildings  (a  hospital  and  an  office)  In  the 
Washington,  O.C.  area  for  which  basements  were  planned. 

3.  The  AlAF  contracted  with  Martanl  and  Associates  who  were 
the  architects  of  both  buildings. 

4.  Marfan!  obtained  the  approval  of  the  building  owners  for 
the  Inclusion  of  the  alternative  shelter  designs  In  the  two 
projects. 

5.  Several  alternative  shelter  locations  were  selected  and 
presented  to  FEMA. 

6.  Final  shelter  locations  were  selected  and  designs 
created . 

7.  Engineering  calculations  and  construction  documents  for 
the  shelter  areas  were  prepared. 

8.  Construction  bids  were  requested  for  the  shelters  as 
alternates  to  the  base  bids  for  the  building  construction. 

9.  Yes/No  construction  decisions  were  made  for  both 
shel ters. 

10.  Construction  of  the  hospital  shelter  was  begun  and 
comp  I eted. 

11.  Waterways  Experiment  Station  lender  a  separate  contract 
to  FEMA  constructed  two  fifth-scale  models  of  the  hospital 
shelter.  One  model  was  blast-tested  at  13  psl  overpressure; 
the  other  at  50  psl. 


DISCUSSION  OF  RESEARCH: 


Selection  of  Architects: 

At  the  outset  of  the  project,  October  1981,  the  AIA  Foundation 
performed  a  survey  of  arch  I tectur a  I  firms  In  the  Washington, 
D.C.  metropolitan  area  to  find  what  types  of  projects  they  had 
underway*  AIAF  was  looking  for  commercial  buildings  planned  to 
have  a  minimum  of  three  stories  above  grade.  The  buildings  were 
to  have  basements  which  were  not  of  the  drlve-In  type.  The 
building  projects  were  required  to  be  at  a  preliminary  design 
stage  so  that  I ncorporatl on  of  alternate  slanting  shelter  design 
would  hot  disrupt  the  schedule  or Increase  costs  to  the  building 
owner  or  developer. 

The  firm  of  MarJanl  and  Assoclatos,  Inc.,  located  at  1600  20th 
Street,  N.W.  was  found  to  have  two  such  projects  at  that  time. 
The  firm  also  had  considerable  shelter  design  expertise  from 
previous  work  and  was  Judged  to  be  an  appropriate  subcontractor 
to  work  on  the  project.  Marian!  requested  and  received  tentative 
approval  from  Its  clients  to  use  the  two  buildings  as  the  case 
studies  In  this  project.  An  AIAF  subcontract  was  subsequ  ntly 
written  with  Marian!. 
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Selection  of  Building  Sites: 

The  two  selected  bu'ldlng  projects  were  a  speculative  office 
building  and  an  addition  to  a  hospital.  The  office  building  was 
located  In  downtown  Washington  at  727  15th  Street,  N.W.,  Jus+  two 
blocks  from  the  White  House  and  the  Treasury  building.  The 
project  Involved  the  demolition  of  a  single  story  movie  theater 
and  the  restoration  and  Incorporation  of  Its  historic  facade  Into 
a  new  eleven-story  office  building  with  basement  level  below  (see 
Figure  1).  The  building  was  planned  to  have  a  reinforced 
concrete  structure  and  contain  a  total  of  50,500  square  feet  of 
office  and  ground  floor  commercial  space.  The  basement  area  was 
to  be  4,500  square  feet  and  because  no  parking  was  planned,  more 
than  one  underground  level  could  have  been  designed  as  shelter 
area  should  thaJ  have  proven  desirable. 

The  hospital  project,  the  National  Rehabilitation  Hospital,  was 
located  at  13th  and  V  Streets,  N.W.  on  a  2.4  acre  full  block 
site.  Of  the  existing  building  complex,  the  structures  on  the 
northern  portion  of  the  site  were  to  be  renovated,  while  those  on 
the  southern  portion  were  to  be  razed  to  make  room  for  new 
construction.  The  renovated  segment  Included  basement- 1  eve  I 
receiving,  supply,  and  laboratory  areas  and  a  5,000  square  foot 
medical  records  storage  area  which  could  have  accomodated  a 
shelter  If  that  nad  been  desired.  The  renovated  floors  above 
were  to  contain  administrative,  diagnostic  and  treatment  facili¬ 
ties.  Both  the  new  and  renovated  parts  of  the  building  were  to 
be  column-supported  concrete  stab  construction  with  exterior 
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masonry  cavity  walls.  The  total  area  proposed  was  380,000  square 
feet  of  which  267,000  was  to  be  new  and  113,000  renovated. 

Both  of  the  above  buildings  had  basement  areas  which  would 
accomodate  b I  a s t- r e s l s t a n t  design  as  well  as  their  Intended 
conventional  functions.  In  addition,  the  two  projects  repre¬ 
sented  a  wide  cross-section  of  the  types  of  problems  and  Impedi¬ 
ments  which  might  be  encountered  In  a  national  scale  shelter 
construction  program  trying  to  Incorporate  shelter  design  Into 
otherwise  typical  building  projects. 
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Design  Process:  Bank/Office  Building  (727  15th  Street) 

Design  Alternatives.  The  design  of  the  blast  shelter  was  begun 
in  October  of  1932.  Preliminary  design  of  this  blast  shelter  was 
quite  st ra I gh tf orw ar d .  The  overall  basement  plan  was  simple  and 
there  were  on  i  y  a  few  options  to  consider.  The  major  consider¬ 
ation  was  the  exact  location  of  the  blast  resistant  wall  relative 
to  the  elevator  and  stair  tower  (see  Figure  2).  The  owner’s 
program  for  the  basement  changed  several  times.  For  example,  one 
corner  went  from  storage  area  to  a  health  club/gym.  This  caused 
adjustments  to  the  area  of  the  blast  shelter.  Fortunately,  the 
gym  was  given  up  and  the  space  became  storage  again. 


A  problem  which  was  a  concern  for  both  aesthetic  and  structural 
reasons  had  to  do  with  the  celling  h8  1  gh t  '  d  I  me n s I  on  In  the 
conference/board  room.  The  floor  to  celling  heights  for  the 
building  were  tight  to  begin  with  and  adding  several  Inches  for 
shelter  construction  made  the  problem  worse.  The  conference 
space  was  a  Iarg9  area  which  needed  a  higher  celling  height  In 
order  to  avoid  a  cramped  feeling.  Dropping  the  floor  level  was 
not  desirable  because  that  put  the  foundations  below  those  of  the 
adjacent  buildings.  This  lowered  floor  level  would  cause 
shoring,  structural,  and  construction  problems  which  would  lead 
to  additional  costs  beyond  those  directly  related  to  the  shel¬ 
ter  . 

Derailed  Design/Construction  Documents.  By  February  of  1982 
three  months  delay  had  been  experienced  In  the  design  of  this 
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project.  These  delays  were  caused  because  the  architects  had  to 
go  through  the  approval  processes  of  the  Fine  Arts  Commission  and 
tne  Landmarks  Commission. 

Serious  delays  were  experienced  during  the  period  ending  In  June 
of  1982.  The  architects  were  kept  on  hold  while  waiting  for 
decisions  from  the  owner.  The  project  was  speculative  and  the 
high  Interest  rates  and  uncertainty  In  the  financial  markets 
provided  a  strong  Incentive  for  the  owner  to  be  deliberate 
In  such  decisions  as  the  type  of  heating,  ventilation  and 
air-conditioning  system  to  be  Installed. 

Construction  documents  were  begun  In  August  of  1982,  but  again 
the  owners  were  not  rushing  to  complete  the  project.  The 
construction  documents  were  90  percent  complete  at  the  end 
of  February,  1983.  The  drawings  were  finished  by  the  end  of  May. 

Bid  Documents.  Construction  bids  were  requested  for  the  project 
In  September  of  1983.  A  construction  management  company  directed 
the  bid  process,  receiving  piece  bids  from  subcontractors  for 
various  segments  of  construction  such  as  steel,  concrete  and 
glazings.  When  recleved,  the  bids  for  general  construction  were 
50  percent  over  the  developer's  budget.  This  serious  problem 
again  stopped  the  entire  process.  Alternate  bids  for  the  blast 
shelter  and  other  alternates  were  not  completed  at  this  point. 
The  major  problems  were  the  cost  of  both  the  steel  structure  and 
the  marble  facade.  The  redesign  of  the  facade  Involved  resub- 
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mission  to  the  Fine  Arts  Commission  and  additional  time  delays. 

The  owners  of  the  development  project  decided  at  this  juncture 
for  financial  reasons  that  work  had  to  proceed  rapidly.  In 
November  of  1983  during  the  redesign  process  tt  was  determined 
that  construction  of  the  blast  shelter  would  definitely  require 
taking  the  overall  building  foundation  below  those  of  the 
adjacent  buildings.  It  was  also  determined  that  without  shelter 
construction  this  would  not  be  necessary.  Based  on  this  infor¬ 
mation  an  alternate  construction  bid  was  produced  for  the  shelter 
area.  The  construction  estimate  of  $175,000  calculated  to  be 
$110  per  square  foot  for  the  1,590  square  feet  designated  for  the 
she  I  ter . 

At  that  point  FEMA  decided  not  to  construct  the  blast  shelter  In 
the  office  building.  The  decision  was  based  on  the  fact  that  43 
percent  of  the  estimated  construction  costs  were  not  directly 
associated  with  the  blast  shelter  Itself.  Of  the  total  costs 
$75,000,  or  $47  per  square  foot,  was  required  for  additional 
underpinning  necessitated  by  the  existence  of  the  blast  shelter 
but  not  Its  design.  The  added  depth  of  both  the  celling  and  the 
floor  of  the  shelter  required  that  the  building  foundation  be  two 
feet  lower  than  It  would  otherwise  have  been, — This  added  expense 
was  created  because  the  Increased  dimension  put  the  new  found¬ 
ation  below  those  of  the  two  adjacent  structures. 
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Conclusions.  This  project  (see  Figure  3)  demonstrated  a  wide 
variety  of  problems  which  can  be  encountered  In  the  construction 
industry.  One  of  the  most  amusing  was  that  a  preservation  group 
called  "Don’t  Tear  It  Down"  opposed  the  demolition  of  the  theater 
based  on  the  claim  that  the  open  air  above  the  building  was  an 
"historic  open  space’.  The  mixture  of  factors  Involved  clearly 
demonstrates  that  the  Inclusion  of  government  sponsored  shelter 
areas  In  a  variety  of  building  construe  Ion  should  be  expected  to 
take  considerably  more  time  than  the  Ideal  fast-track  scenario 
might  Indicate.  This  particular  building  witnessed  speculative 
development  occurring  during  a  period  of  economic  recession  and 
escalating  construction  costs.  Time  was  devoted  to  obtaining 
reviews  and  approval  from  a  variety  of  boards  and  agencies.  In 
addition  to  the  preservation  group  and  the  Fine  Arts  and  Landmark 
Commissions  already  mentioned,  the  project  had  to  be  reviewed  by 
the  White  House  security  police  because  of  Its  proximity  to  160C 
Pennsylvania  Avenue.  The  prime  objective  of  this  project,  to 
observe  the  Integration  of  shelter  design  Into  the  exigencies  of 
a  specific  ongoing  architectural  project,  was  well  met  by  this 
building. 
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The  Presidential 
Point  Of  View 


727  15th  Street,  NW 

Just  steps  from  the 
White  House,  727 
15th  Street  is  the 
epitome  of  Capital  city 
prestige.  This  historic 
address  has  been  fully 
updated-a  distin¬ 
guished  blend  of  the 
past  and  present- with 
full  floor  office  suites 
of 3600  sq.  ft.,  dramatic- 
balcony  views,  state-of- 
the-art  security  and 
office  interiors  finished 
to  your  exacting 
specifications. 

A  development  of 

First  Washington 
Development  Group,  Inc. 

Leasing  by 

First  Capital 
Realtv,  Inc. 

232-4220 


FIGURE  3  --  Developer's  Advertisement  with  Completed  Facade  --  727  15th  Street 


FIGURE  4  --  Hospital  Alternative  #1  --  First  Basement  Plan 


Design  Process:  National  Rehabilitation  Hospital 
Design  Alternatives.  The  original  design  concept  involved 
placing  the  blast  shelter  In  the  medical  records  area  cf  the 
existing  hospital  facility  (see  Figures  4).  Questions  arose  when 
AIAF  discovered  that  this  section  of  the  hospital  was  to  be 
partially  exposed  above  grade.  Discussion  with  FEMA  led  to  the 
determination  that  renovation  type  construction  was  not  desired. 

A  major  design  objective  within  the  project  was  to  incorporate 
the  blast  shelter  into  an  area  of  the  building  where  the  space 
would  still  be  fully  functional  on  Its  own  right.  It  was 
intended  that  the  design  not  entail  any  significant  structural  or 
construction  alterations.  The  Incremental  construction  costs 
were  to  be  restricted  as  much  as  possible  to  those  for  additional 
material  and  not  for  altered  design. 

The  reason  stated  above  led  to  the  rejection  of  a  second  alter¬ 
native  location  for  the  blast  shelter.  That  design  alternative 
was  the  placement  of  the  shelter  beneath  the  lowest  parking  level 
in  the  new  construction  area  (see  Figures  5-8).  This  proposed 
space  was  not  to  be  Included  on  the  non-shelter  construction 
documents  which  meant  that  the  Incremental  costs  would  have 
Included  the  entire  construction  costs  as  well  as  additional 
expenses  for  excavation  and  shoring. 

Another  location  was  considered  and  rejected  (see  Figure  9). 
The  theater  on  the  existing  first  floor  (north  side)  had  a  large 
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FIGURE  5  —  Hosrital  Alternative  *2  —  Shelter  Plan 
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FIGURE  3  —  Hospital  Alternative  §2  —  Second  Basement  Plan 
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un-utlllzed  basement  which  was  to  be  renovated.  This  alternative 
did  not  work  for  several  of  the  reasons  enumerated  previously. 
It  would  have  Involved  renovation,  and  significant  structural 
modifications  would  have  been  required. 

The  last  concept  was  placement  of  the  blast  shelter  on  the  grade 
of  the  lowest  parking  level  (see  Figure  10-13).  One  potential 
problem  with  that  location  was  that  It  fell  Immediately  below 
the  garage  ramps.  This  location  was  selected  and  detailed  design 
commenced  in  March  of  1982. 

Detailed  Design/Construction Documents.  In  June  of  1962  changes 
to  the  facade  design  of  the  hospital  required  redesign  of  the 
structural  column  grid.  This  problem  caused  delays  for  the  entire 
project  as  well  as  the  shelter  design. 

By  August  1982  substantial  progress  has  been  made  on  production 
of  the  construction  documents.  The  hospital  project  was  eligible 
for  federal  loan  monies  from  the  U.S.  Department  of  Housing  and 
Urban  Development,  Marlanl  and  Associates  and  their  engineering 
consultants  were  required  to  prepare  and  submit  not- to-exceed 
cost  estimates  to  the  HUD  program.  HUD  also  required  structural 
and  other  revisions.  Final  blast  shelter  design  and  analysis  had 
been  scheduled  for  completion  by  late  September  In  coincidence 
with  the  request  for  construction  bids.  After  submittal  of  two 
sets  of  construction  documents  to  the  HUD  funding  agencies,  the 
decision  was  made  to  completely  change  the  building  site. 
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FIGURE  10  --  Hospital  Alternative  *4  --  Shelter  Plan 


FIGURE  II  —  Hospital  Alternative  »4  --  Sections  S  Elevation 
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The  new  location  was. on  the  Washington  Hospital  Center  site 
adjacent  to  Children's  Hospital  at  106  Irving  Street,  N.W.  This 
decision  necessitated  a  complete  redesign  of  the  hospital  and 
took  this  shelter  design  back  to  the  initial  stage  of  selecting 
alternative  locations. 

By  November  of  1982  the  shelter  location  was  selected  (see  Figure 

14) ,  alternative  designs  were  considered,  and  structural  design 
calculations  (see  Figures  16-20)  were  completed.  These  prelim¬ 
inary  calculations,  by  Don  Neubauer,  PE,  are  Included  as 
Appendix  A  of  this  report,  A  preliminary  construction  bid  from 
Turner  Construction  Company  was  received  at  this  time  (see  Figure 

15)  . 


During  August  of  1983  detailed  design  and  construction  documents 
were  completed. 

Bid  Documents.  Construction  bids  were  received  from  two 
companies;  Turner  Construction  (see  Figure  21)  and  George  Hyman 
Construction  (see  Figure  22).  Turner's  bid  for  the  blast  shelter 
alternate  was  $140,000  while  Hyman's  was  $87,000.  Dividing  by 
the  2,300  square  feet  of  shelter  area  these  bids  translate  to 
$60.87  per  square  foot  for  Turner  and  $37.83  for  Hyman.  No 
satisfactory  explanation  Is  available  for  the  large  discrepancy 
In  construction  bids.  Unfortunatel y ,  FEMA  did  not  have  Influence 
on  the  ultimate  selection  of  the  construction  company.  FEMA' s 
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FIGURE  16  --  Structural  Details 


FIGURE  21  —  Final  Construction  Bid  --  Turner 
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The  George  Hyman  Construction  Co. 

*»J*  Otl  MY  A  VISIT 
MTHISOA  MAlYLASt)  J0*i* 

BHOST  (Mt)  m  IIX 


August  30,  1553 
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Mr.  Theodore  F.  Manar.i ,  FAIA 
President 

Marian  &  Associates 
1 e C C  20th  Street ,  N.K. 

Washington,  2.C.  20009 

Be :  National  Rehabilitation  Hospital 
Washington,  D.C. 

Sear  Mr.  Marian: 


; r.  accordance  with  vcur  Mr.  Ter1  Sach’s  August  15th  letter 
ar.d  cur  conversations  wit.*,  hi.t  we  offer  the  following  quotations 
::r  Alternates  *1.  «2  and  »3  on  the  above  referenced  cr:;ect. 

Altercate  No.  1  Substitution  of  Socfir.o  Membrane  Material 


a.  . 


e 


2  Ad: 


.tier,  of  Two  Elevators 


Alternate  No. 


3  Modify  the  Structure  Surrounding  the  Auditor 
Audio-Visual/Project  Peer.,  and  Storage  Boom 
Function  as  a  Blast  Resistant  Shelter 


Add  $  B7.CCC.00 


No  ac; ustner.ts  will  be  required  to  our  construction 
dule  if  these  alternates  are  included  with  the  base 
raot  award. 


Yours  truly. 


THE  GECRGE  Hi  MAN  uCNSTRCCTICN’  CO. 


*.  J.  -ClarX 
President 


AJC :  r.n* 


A  luhudian  of  C Et  Conurumon.  In< 


FIGURE  22  --  Final  Construction  Bid  —  Hyman 
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option  was  a  yas/no  dectsloi  on  construction  of  the  shelter 
alternate  after  the  National  Rehabilitation  Hospital  had  made  Its 
decision.  The  choice  turned  out  to  be  Turner  Construction,  the 
higher  shelter  bid. 

During  January  of  1984  several  other  problems  occurred.  All  were 
unrelated  to  the  blast  shelter.  There  was  a  change  of  ownership 
of  the  hospital  but  Turner  Construction  remained  the  building 
construction  contractor.  There  was  also  a  prolonged  legal 
squabble  over  an  adjacent  parking  structure.  Even  after  the 
legal  disputes  were  resolved,  the  construction  of  the  hospital 
could  not  be  started  until  a  labor  strike  was  settled  and 
construction  of  the  parking  garage  was  completed.  The  reason  for 
this  was  that  tne  future  hospital  site  was  needed  for  on-grade 
parking  for  the  Washington  Hospital  Center  until  the  parking 
garage  was  opened. 

Construction.  Construction  of  the  hospital  was  finally  begun 
about  mid-May  of  1984.  AIAF  monitored  the  progress  cf  construc¬ 
tion  on  a  weekly  basis.  A  series  of  photographs  (see  Figures 
23-31)  taken  on  those  visits  follow. 
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FIGURE  27  --  Hospital  Construction  --  Adjacent  Story 
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A  two- Installment  construction  contract  for  $140,000  was  written 
with  the  National  Rehabilitation  Hospital,  Inc.  The  first 
payment  for  95  percent  was  payable  at  the  completion  of  all 
concrete  work,  and  the  remaining  5  percent  at  completion  of  all 
work  on  the  blast  shelter. 

Two  construction  related  problems  occurred  but  both  were  easily 
resolved.  The  first  problem  Involved  the  fact  that  the  shop 
drawings  for  the  reinforcing  steel  were  completed  after  the  major 
steel  order  had  been  placed.  Rather  than  risk  a  possible 
construction  delay  awaiting  the  specialized  reinforcing  steel, 
the  decision  was  made  to  redesign  the  shop  drawings  to  use 
commonly  available  steel.  A  second  problem  occurred  when  a 
concrete  tooting  was  poured  from  non-shelter  construction 
documents  which  left  the  footing  one  foot  higher  than  It  should 
have  been.  The  resolution  was  a  redesign  of  the  detail  to  accept 
a  beam  above  the  new  footing  (see  Figure  32).  No  other  signifi¬ 
cant  problems  were  encountered  during  the  construction.  There  was 
difficulty  with  ground  water  In  an  area  proximal  to  the  shelter 
footings,  but  this  was  not  attributable  to  the  shelter  design. 

AIAF  performed  a  walk  thru  Inspection  of  the  shelter  on  September 
25,  1984,  with  representatives  of  Marian!  and  Associates  and 
Turner  Construction.  Construction  of  the  blast  shelter  was 
virtually  complete  at  that  time.  Major  observations  on  the 
construction  process  were  the  following} 


FIGURE  32  --  Beam/Footing  Connection  Details 
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o  Construction  difficulties  oxlst  with  wall  penetrations  and 
beam  corners  which  do  not  fit  flush  with  other  building 
e 1 ements. 

o  The  scheduling  of  concrete  pours  requires  careful  planning 
and  special  attention. 

o  Careful  planning  and  additional  time  Is  required  for 
building  up  reinforcing  steel  during  shelter  construction. 

o  Blast  shelter  construction  did  not  constitute  an  extra¬ 
ordinary  problem.  It  was  rather  one  more  layer  of  complex¬ 
ity  to  be  coordinated  Into  the  overall  process. 
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Use  of  TR-20  -  Volume  4  and  Other  Design  Guidance: 

One  of  the  objectives  of  the  project  was  to  evaluate  the  useful¬ 
ness  of  existing  slanting  design  guidance  materials.  A  national 
program  of  blast  shelter  construction  which  would  be  necessary  to 
sustain  the  critical  workforce  concept  would  require  design 
guidance  materials  which  were  understandable  and  Immediately 
usable  by  architects  and  engineers  without  prior  shelter  design 
experience.  Architects,  most  of  whom  would  not  have  shelter 
design  expertise,  would  certainly  be  Involved  In  the  process  of 
incorporating  blast  shelters  Into  otherwise  typical  buildings  In 
a  large-scale  construction  program. 

In  recent  years  the  practice  of  architecture  has  Increasingly 
become  a  problem  of  leading  a  team  of  experts.  The  architect’s 
task  Is  to  communicate  effectively  with  each  specialist  and 
ensure  that  each  separate  agenda  Is  Incorporated  Into  the  overall 
program  for  the  building  and  addressed  adequately  as  the  design 
proceeds.  The  Ideal  design  manual  would  provide  the  architect 
with  a  conceptual  overview  of  what  slanting  design  Is  all  about. 
Such  a  document  should  contain  visual  presentation  of  architec¬ 
tural  concepts.  It  Is  difficult  to  overstate  the  Importance  of 
visual,  graphic  thinking  for  architects. 

The  findings  of  the  architects  and  engineers  working  on  this 
project  are  that  Volume  4,  TR  20,  "Protective  Construction",  and 
the  other  documents  used  are  Inadequate  and  provide  1  ns.  f  Ic  I  ent 
guidance.  The  personnel  at  Cutts  Engineers  had  no  prior  shelter 
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design  experience  and  became  quite  frustrated,  even  angry,  at 
some  of  the  difficulties  they  experienced.  Don  Neubauer,  on  the 
other  hand,  did  have  prior  shelter  experience.  On  the  positive 
side,  Mr.  Neubauer  commented  that  Vol.4  TR  20  is  superior  to 
other  design  guidance  materials  (military  documents)  he  has  used, 
especially  when  designing  something  out  of  the  ordinary. 
Comments  from  both  structural  engineers  follow  at  the  end  of  this 
section  (see  Figures  33-34). 

The  existing  reference  documents  (see  Figure  35)  were  judged  to 
pe  more  textbooks  than  design  manuals  and  had  other  problems  as 
well.  Definitions  and  terminology  were  Inconsistent.  Several 
references  were  needed  to  clarify  symbology.  The  layout  of 
Vol.4,  TR  20  Is  quite  cumbersome,  and  requires  considerable 
searching  and  flipping  back  and  forth.  All  of  these  problems 
Increase  time  of  use  and  consequently  design  costs. 

The  Ideal  design  manual  would  be  a  single,  self-contained 
reference  source.  It  should  present  stra 1 ghtf orward  examples, 
problems  and  many  charts  and  tables  to  assist  the  busy.  Inexper¬ 
ienced  designer. 
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structure  in  t^e  thr-M?  tfilfrr«nt  modes.  Also,  tt.e  in.|>or  t,inc*  f  ,n  M^erol  the  manu.il  is  an  informative  to-t  book  in  the  field  of  blast 

c hoc-s i ruj  the  appropriat*  ductility  ratio  tor  each  mode  of  failure.  resistant  design.  iUjwever ,  it  is  inadegu.ite  at*d  impractical  to  be  used 

as  a  design  manual  ty  an  average  structural  engineer,  especially  tor 
4.  Ductility:  i»ne  with  no  back  ground  in  dynamic  analysis  and  design. 
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FIGURE  35  --  Existing  Reference  Documents 
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Mod* I  Test* 

Two  mod* I s  (at  one-fifth  seal*)  of  the  blast  shelter  at  the 
National  Rehabilitation  Hospital  were  constructed.  These  models 
were  built  by  Waterways  Experiment  Station  under  a  separate 
contract  to  the  Federal  Emergency  Management  Agency.  These  two 
models  were  exposed  to  a  simulated  nuclear  explosion  at  White 
Sands,  New  Mexico,  In  July  of  1985.  Th*  following  photographs 
were  taken  In  New  Mexico  at  th*  blast  test  (see  Figures  36-45). 
One  model  was  placed  at  a  location  so  that  It  was  exposed  to  the 
15  psl  overpressure  for  which  the  actual  shelter  was  designed. 
The  other  model  was  placed  at  a  location  so  that  It  was  exposed 

-to— 50— p^l — ovo^re^suco^ _ No-abov*-grade  structure  was  Included  on 

either  model  which  further  increased  the  vulnerability  to 
structural  damage,  because  this  was  taken  Into  account  In  the 
actual  design  calculations. 

Th*  model  exposed  to  15  psl  overpressure  suffered  no  apparent 
structural  damage  (see  Figure  43).  The  model  exposed  to  50  psl 
overpressure  suffered  only  minor  damage  In  the  form  of  hairline 
cracks.  The  cracks  may  be  seen  on  the  photographs  (see  Figures 
44-45).  The  cracks  were  traced  with  a  marker  to  highlight 
their  location,  but  the  result  Is  that  the  damage  appears  more 
serious  than  actual.  Th*  apparent  conclusion  Is  that  the  design 
guidance  provided  by  "Protective  Construction",  TR  20,  (Vol.A) 
leads  to  partial  overdesign  for  shelter  structures  Intended  tc 
withstand  15  psl  overpressure. 


FIGURE  36  --  Blast  Test  of  Model  —  Front  &  Side  of  Shelter 
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FIGURE  46  --  Post-Blast  View  of  Hospital  Shelter  at  50  psi  Level  --  Showing  Hairline  Cracks 
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CONCLUSIONS 

Conclusions  can  be  drawn  In  regard  to  two  major  Issues  which  were 
I  nvest I  gated. 

o  Feaslbllty  of  Incorporating  blast  resistant  shelters 
Into  otherwise  typical  building  projects, 
o  Adequacy  of  currently  exlsttng  shelter  design  guidance 
mater  I  a  I s. 

No  conclusion  as  to  the  cost  Implications  of  a  large-scale  blast 
shelter  construction  program  can  be  drawn  from  this  effort. 

Blast  shelter  construction  as  an  add-on  proposition  to  structures 
being  built  for  totally  different  purposes  Is  a  viable  concept. 
It  Is  a  manageable  task  which  can  be  accomplished  rather  simply 
given  adequate  financing  and  proper  planning  and  forethought. 
Given  tne  significant  number  of  variables  over  which  FEMA  has  no 
control,  however.  It  would  be  extremely  difficult  to  predict 
precisely  when  the  construction  of  any  particular  shelter  might 
be  completed.  There  was  a  significant  Increase  In  anti-nuclear 
sentiment  during  the  course  of  this  project  which  might  also  tend 
to  make  the  task  more  difficult. 

Existing  design  guidance  Is  considered  Inadequate  for  use  In  a 
large  scale  shelter  construction  program.  The  materials  used  for 
this  project  assumed  prior  knowledge,  provided  more  education 
than  assistance,  and  were  difficult  and  taxing  to  use.  The 
Information  and  recommendations  which  the  documents  provided  were 
proven  to  be  accurate,  tnough  apparently  based  on  highly 
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conservative  assumptions. 

RECOMMENDATIONS 

Any  large-scale  shelter  construction  program  should  be  formulated 
In  recognition  of  the  exigencies  of  the  construction  Industry, 
financial  markets,  and  the  vhlms  of  public  opinion  relative  to 
nuclear  Issues. 

No  such  national  program  should  be  contemplated  prior  to  the 
preparation  of  simplified,  straightforward  design  manuals  for 
architects  and  engineers  as  well  as  generalized  educational 
materials  for  building  owners  and  others  Involved  In  the  con¬ 
struction  process. 


APPENDIX  A: 

PRELIMINARY  STRUCTURAL  CALCULATIONS  —  HOSPITAL  SHELTER 
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